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An atypical virus, cytopatbic for buman and ani-
mal fibroblasts, was repeatedly cultured from a
patient with chronic fatigue syndrome. Viral par-
ticles, suggestive of cytomegalovirus (CMV) were
seen by electron microscopy. Infected cells did
not, bowever, stain with antisera specific for
CMV, berpes simplex virus, or buman berpes-
virus-6. Polymerase chain reaction (PCR) assays
Jor these viruses were also negative. Two distinct
products of approximately 1.5 kilobase pairs
were amplified from virally infected cells using
the buman T lympbotropic virus-II tax gene re-
active primer, SK44, in low stringency PCR. Se-
quencing of ome of the amplified products
showed a region of bighly significant partial bo-
mology with the UL34 gene of CMV. The sequence
of the otber PCR product did not correspond
with CMV or any other virus. DNA was extracted
Jrom the material pelleted by ultracentrifugation
of filtered culture supernatants. It migrated in
agarose gels as a single band of approximately
20 kbp. The banded DNA was digested with EcoRI
and cloned. A 2.2 kbp plasmid containing the
CMV-related sequence identified within the PCR
product was recovered. Sequencing of this plas-
mid extended the region of partial sequence bo-
mology with CMV to include a portion of the UL35
gene of CMV. Initial sequencing of additional
Dplasmids bas confirmed the partial relatedness
to CMV. The data indicate a novel type of CMV-
related “stealth” virus that is able to establish a
clinically persistent buman infection. (Am J
Patbol 1994, 145:440—451)

Chronic fatigue syndrome (CFS) refers to an illness
characterized by unexplained severe prolonged fa-
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tigue often accompanied by a variety of neurocog-
nitive symptoms." Various reports have suggested
that a viral infection may cause CFS. Postulated
pathogens have included Epstein-Barr virus, human
herpesvirus-6 (HHV-6), enteroviruses, and human T
lymphotropic virus-Il (HTLV-Il)-related retrovirus.2-°
We have used a combination of tissue culture and
molecular techniques to probe a CFS patient for evi-
dence of a persistent viral infection. This paper re-
ports the isolation and initial molecular characteriza-
tion of an atypical virus repeatedly isolated from this
patient.

Patient: The 43-year-old health care provider (DW)
was in her usual state of good health before an acute
onset iliness in August 1990. Her iliness was char-
acterized by intense headaches, generalized myal-
gia, and fever, developing 1 week after a sore throat.
She was hospitalized with a diagnosis of possible en-
cephalitis/meningitis. The cerebrospinal fluid (CSF)
examination, however, was normal and the patient
was discharged after 7 days’ hospitalization. She
continued to feel illand was diagnosed as having CFS
based on overwhelming fatigue necessitating elimi-
nation of virtually all social activities; a marked re-
duction in her capacity for even part-time work; im-
paired cognitive functions, including memory loss
and difficulty in naming items (dysnomia); severe
headaches; and nonrestorative sleep. She showed
some improvement over the second and third year of
her illness but continues to consciously avoid stress-
ful situations for fear of exacerbating her persisting
illness.

Materials and Methods
Viral Cultures

Heparinized blood of the patient was cultured on cell
lines maintained in medium 199 plus 7% fetal calf
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serum (FCS). The inoculum consisted of Ficoll-
Hypague separated mononuclear cells admixed with
the granulocytes from the buffy coat at the top of the
erythrocyte layer. The cultures were rinsed free of
contaminating erythrocytes at 1 hour and rinsed
again at 24, 48, and 72 hours. Thereafter, the medium
was replaced three times per week. The cells were
observed for a cytopathic effect (CPE) at 2-day in-
tervals. Routine passage of cultures was achieved
by scrapping the cells into the culture medium and
transferring 0.1 ml into a fresh culture tube. The
fibroblastic/epitheloid cell lines used included human
foreskin fibroblasts (MRHF), human lung fibroblasts
(MRC-5), rhesus monkey kidney (RhMK), and primary
kidney cultures of rabbit, duck, and chicken origin.
The cells were obtained from BioWhittaker, Inc.,
(Walkersville, MD). HelLa (human), 3T3 (murine),
H927 (feline), and CHO (hamster) fibroblastic cell cul-
tures and Raji (B lymphoblastoid), HEp2 (liver epi-
thelial), HTB152 (fibrosarcoma), and U118MG (glio-
blastoma) human cell lines were kindly provided by
Dr. A. Epstein (USC School of Medicine).

Electron Microscopy

Cells were fixed in Karnovsky's glutaraldehyde/
paraformaldehyde solution and postfixed in 1% os-
mium tetroxide. The samples were embedded in
epon resin. Ultramicrotome-cut sections were stained
with lead citrate/urany! acetate. Pelleted material from
ultracentrifuged culture supernatant was applied di-
rectly to grids and stained.

Immunofluorescence and ELISA Assays

Typing sera for cytomegalovirus (CMV), herpes sim-
plex virus (HSV), adenoviruses, and enteroviruses
were obtained from Bartel Laboratory (Sacramento,
CA). The anti-CMV reagent (B1029-81) contains a
mixture of three fluoresceinated monoclonal antibod-
ies directed against the major immediate early (I-E)
antigen, an undefined early nuclear antigen, and an
undefined major late cytoplasmic component. Anti-
CMV I-E antigen monoclonal antibody (code 500114)
and anti-CMV pp65 lower matrix antigen monoclonal
antibodies (C10 and C11) were obtained from Ortho
Laboratories (Raritan, NJ) and Biotest Laboratories
(Denville, NJ), respectively. The broadly reactive anti-
HHV-6 monoclonal antibodies BO145 (against p41)
and BO151 (against gp102)%7 were obtained from
Universal Biotechnology Inc. (Rockville, MD). The
sera and monoclonal were used as recommended
by the suppliers. The testing for serum anti-HIV and
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anti-CMV antibodies were performed at an outside
reference laboratory. Anti-HTLV (Abbott; ELISA) and
anti-HHV-6 (Universal Biotechnology Inc.; immuno-
fluorescence) testing were performed in our labora-
tory using undiluted and diluted antisera.

Viruses

HTLV-l-infected HUT cells were provided by Dr. Z.
Salahuddin (USC School of Medicine). HTLV-I-
infected Vero cells were provided by Dr. Irwin Chen
(UCLA School of Medicine). The Z-29 strain of HHV-6
was obtained from the Centers for Disease Control
and Prevention and was propagated in cord blood
lymphocytes. CMV, HSV, and varicella zoster (VZV)
isolates were obtained from the USC Infectious Dis-
ease Laboratory and propagated in MRC-5 cells. The
patient’s virus was maintained in MRC-5 and/or MRHF
cells, with frozen stocks established at various
intervals.

Polymerase Chain Reaction (PCR)
Primers

Primers were synthesized on an Applied BioSystem
model 380 synthesizer. The CMV primer set was de-
signed to amplify a region within the I-E gene of CMV
and has been described in an earlier study.® The
primer set for the HTLV tax gene combined SK43'
(HTLV-l) and SK44” (HTLV-il) primers and SK45'
probe.® Primers designed to amplify the region of
HSV-1 between nucleotides 33,544 and 33,759 (Gen-
Bank accession number X14112), the region of VZV
between nucleotides 110,034 and 110,359 (GenBank
accession number X04370), and the region of the
PZVH14 clone of HHV-6 between nucleotides 5,204
and 5,773 (GenBank accession number S57540)
were selected from published reports. Based on the
derived sequences of plasmids 15-5-2 and 15-5-4
(see Results), four sets of PCR primers with interven-
ing detecting probes were also synthesized. For 15-
5-2 the starting nucleotides on the positive and nega-
tive strands were 103 and 234 for set 1 and 631 and
1094 for set 2, respectively. The corresponding nucle-
otide numbers for the primers for plasmid 15-5-4 were
257 and 792 for set 3 and 728 and 849 for set 4,
respectively. The primers were 20-22 nucleotides
and the detecting probes 40 nucleotides.

DNA Sample Preparation

The cells scrapped from a single test tube were
washed twice with phosphate-buffered saline (PBS)
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incubated for 1 hour at 56 C with 100 ug proteinase
K'in 50 pl PCR buffer followed by heating to 100 C for
10 minutes. In some studies, purified DNA was ob-
tained from blood or cultures using an Applied Bio-
System DNA Extractor and the DNA resuspended at
a concentration of 10 pg/ml. DNA was also extracted
from the material pelleted by ultracentrifugation of ei-
ther the culture supernatant or the lysate of infected
MRHF cells. Seventy milliliters of cell-free supernatant
was filtered through a 0.45- filter and spun at 29,000
rom in an SW 41 Beckman rotor for 4 hours. Alterna-
tively, 5 X 107 — 108 cells were twice frozen and
thawed in 2 ml of medium. The lysate was diluted to
12 ml, clarified by low speed centrifugation and
0.45-p filtration, and ultracentrifuged at 29,000 rpm in
an SW 41 Beckman rotor for 12 hours. After ultracen-
trifugation, the medium was decanted and the bottom
of the tubes rinsed in a total of 1 ml of Tris-buffered
saline. The DNA in the pelleted material was extracted
as described above and run in agarose gels. Control
supernatants and cell lysates from uninfected cells
were similarly processed.

PCR Assays

The PCR assays were performed in 100 pl containing
10 pl of the DNA template, 1 pmol/L of each primer,
2.5 U Taqg polymerase, 200 umol/L of each dNTP, 2
mmol/L Mg2*, 50 mmol/L KCI, and 10 mmol/L Tris-
HCI. The temperature and reaction times were cho-
sen for either a low or a high stringency PCR. For low
stringency PCR, annealing temperature of 42 C (30
seconds), extension temperature of 72 C (30 sec-
onds), and denaturation temperature of 94 C (30 sec-
onds) were used with rapid ramping. For high strin-
gency PCR, annealing temperature of 60 C (30
seconds), extension temperature of 72 C (45 sec-
onds), and denaturation temperature of 95 C (30 sec-
onds) were used with rapid ramping. Forty cycles
were run in both types of PCR assays. The PCR prod-
ucts were examined by agarose electrophoresis and
by either dot blot (using 50 pl) or Southern blot (using
15 pl) hybridization with 32P-labeled probes. For hy-
bridization, membranes were ultraviolet cross-linked
and baked in an oven at 80 C for 30 minutes. Hy-
bridization was generally performed for 3 hours. Oli-
gonucleotide probes were 5’ end-labeled, whereas
PCR products were labeled by random priming in-
corporation of dCTP. Approximately 10 cpm of probe
with a specific activity in the range of 108 cpm per ug
were used in each assay. Membrane washing con-
sisted of sequential incubations with 2% standard sa-
line citrate (SSC) twice for 5-minute periods at room

temperature, followed by 1x SSC for 30 minutes at 50
C and a fourth wash with 0.1x SSC for 30 minutes at
55 C. All wash solutions contained 0.2% sodium
dodecyl sulfate. The washed membranes were moni-
tored to check the negative and positive controls. If
necessary, an additional wash was performed using
0.1x SSC at 60 C. The membranes were exposed to
photographic film using two screens at -70 C for 12
to 18 hours.

Cloning and Sequencing of PCR Products
and of DNA Obtained from Culture
Supernatants

The PCR products were excised from sea plaque
agarose gels, blunt ended using Klenow enzyme,
phosphorylated, and cloned into pBluescript plas-
mids propogated in XL-1 bacteria. Sequencing of the
plasmid inserts was performed by U.S. Biochemical
Corp. (Cleveland, OH) with second strand verifica-
tion. The inserts from these plasmids were excised
using EcoRl and Hindlll enzymes. Agarose-banded
DNA derived from the material pelleted by ultracen-
trifugation of filtered culture supernatant was di-
gested overnight with 10 U/pl of EcoRI enzyme. The
resulting products were ligated into pBluescript.

Sequence Analysis

DNA and amino acid sequences were analyzed using
the FastA and TFastA programs at the Genetics Com-
puter Group (Madison, WI), the BlastN and BlastP
programs of the National Center for Biotechnology
Information, and the GeneWorks program from Intel-
ligenetics, Inc.

Results

Blood obtained from the patient was initially cultured
on MRHF human fibroblasts. A cytopathic effect
(CPE) was observed after 8 weeks of culture. On re-
peat culturing of the patient’s blood, CPE developed
inMRHF, MRC-5, and RhMK cells. The CPE was trans-
ferable to secondary and subsequent cultures of
these cells. CPE was also readily transferable to mu-
rine, feline, rabbit, hamster, duck, and chicken fibro-
blastic cell lines and to various long term human cell
lines of epithelial, glial, and lymphoid origin. The dis-
tinctive CPE was, however, most readily observed in
fibroblast cultures and in the fibroblastic component
of primary kidney cultures. CPE development was
promoted by regularly feeding the cultures at 2- to
3-day intervals and using a complete medium such as
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medium 199 containing 7% FCS, as opposed to a
basal medium with only 2% FCS. With these culture
conditions, the CPE progressed to extensive cell
destruction and vacuolated syncytial cell formation
(Figure 1).

CPE was transmissible using cell-free supernatant
passed through a 0.22-p filter. Limiting dilution analy-
ses have shown titers in the range of 10-2 to 10-3.
Infectivity is destroyed by boiling for 10 minutes and
by exposure to chloroform/methanol. Infectious ma-
terial could be stored at 4 C for over 1 year and could
also be recovered from dessicated cultures retained
at room temperature for 1 week.

Electron microscopic examination of infected cul-
tures showed enveloped viruses approximately 180
to 200 nm in diameter. Viral particles were seen lining
cytoplasmic vacuoles. Nonbudding viral capsids
were readily apparent elsewhere within the cytoplasm
and also in the nucleus. Prominent inclusions, similar
to the dense body inclusions containing tegument
proteins in CMV-infected cells,'®'" were present in
association with the cytoplasmic vacuoles containing
viral particles (Figure 2).

The viral-infected cells did not stain by direct im-
munofluorescence with commercial typing antibod-
ies for CMV, HSV, HHV-6, adenoviruses, or enterovi-
ruses. The patient’s sera gave negative reactions in
ELISA assays for HIV and HTLV and in immunofluo-
rescence assays for HHV-6. At the time of her initial
hospital admission and on subsequent testing, she
showed negative IgM and positive 1gG antibody
against CMV. She had positive but low titers of anti-
Epstein-Barr Virus antibody. The patient’s sera re-
acted in an immunofluorescence assay with cells in-
fected with the virus derived from the patient to a
dilution of 1:100. Quantitatively, similar reactions was
seen, however, with sera from many normal individu-
als tested.

To exclude the possibility of laboratory contamina-
tion or other possible causes of a false positive cul-
ture, additional blood samples from the patient have
been cultured on MRC-5, MRHF, and RhMK cells. On
15 of 18 separate occasions over a 3-year period,
blood cultures have yielded strong CPE, transmis-
sible to secondary and tertiary cultures. With frequent
feeding of the cultures, the CPE from fresh inocula of
the patient’s blood was observable at approximately
2to 3 weeks. In established cultures CPE can be seen

Figure 1. A: Normal MRC-5 cells stained with bematoxylin and eosin
(magnification X 200). Note the orderly formation of the elongated
cells. B: Phase contrast of MRC-5 cells demonstrating the typical
rounding and clumping of cells. The background cells show signs of
toxicity that often accompanies the CPE. C: Hematoxylin and eosin
stain of a large syncytial cell in a virus-infected MRC-5 culture. Note
the multiple nuclei and vacuolated cytoplasm (X 400).
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Figure 2. Electron micrograph of MRC-5 cells infected with the virus isolated from the patient with CFS. Enveloped viral particles and inclusion
bodies are conspicuously seen within cytoplasmic vacuoles. Viral particles are also present within the nucleus and elsewbere in the cytoplasm
(X17,750).

within several days of passage. Each of six positive also been cultured from CSF collected from the pa-
cultures examined by electron microscopy have tient during a 1991 hospital admission. The CSF was
shown the same characteristic virus. The virus has otherwise unremarkable with normal protein (51 mg/



dl), glucose (49 mg/dl), and only a single white cell
per cubic millimeter.

PCR primers sets reactive with an I-E gene of CMV
gave negative results when tested on culture-derived
DNA using low or high stringency PCR assays. Nega-
tive results were also seen with primer pairs derived
from selected regions of HHV-6, HSV, and VZV ge-
nomes. In contrast to these results, low stringency
PCR assays using HTLV tax primers consistently
yielded PCR products easily observed in agarose gel
electrophoresis. Most striking was an unexpectedly
large product with an apparent size of 1.5 kbp. This
band was clearly distinct from smaller products gen-
erated in the same PCR (Figure 3) and in several re-
peat PCR assays constituted the major product
formed. In contrast to the 158-bp PCR product ob-
tained using the tax primers on HTLV-l-infected cul-
tures, none of the products generated from the pa-
tient’s culture hybridized under stringent conditions
with radiolabeled SK45' probe. The 1.5 kbp product
was excised from the gel then radiolabeled and used
as a probe.

Pelleted material obtained by ultracentrifugation of
either cell-free culture supernatant or the lysate from
frozen-thawed cells was infectious for cell cultures
and shown to contain viral particles by negative stain-
ing electron microscopy (data not shown). DNA was
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Figure 3. Agarose electropboresis of ethidium-stained PCR products
obtained using the HTLV tax primers SK43’ and SK44“ on viral cul-
ture from patient DW (lane 1) or on HTLV-I-infected culture (lane
2). Mspl-digested pBR322 and Hindlll-digested lambda are size
markers in lanes 3 and 4, respectively. The sizes of the lower three
Hindlll bands shown are: 0.564, 2.027, and 2.322 kbp.
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extracted from the material pelleted from filtered cul-
ture supernatant. On agarose gel, a faint band was
observed that migrated slightly further into the gel
than did uncut cellular DNA from either uninfected or
infected cells (Figure 4, upper panel). The band was
estimated to represent DNA of approximately 20 kbp.
The material in the band, as well as residual material
in the well, readily hybridized to the 1.5-kbp PCR prod-
uct, as did cellular DNA from infected but not unin-
fected cells (Figure 4, lower panel). Hybridization did
not occur if the material was pretreated with DNase |
(data not shown). In a similar experiment, infected
cells were lysed by freeze-thawing and after filtering
through a 0.45-y filter, pelletable material within the
supernatant was obtained by ultracentrifugation.
DNA/RNA was extracted and an aliquot was digested
with EcoRIl enzyme. As a control, DNA extracted from
infected cells was similarly digested with EcoRl en-
zyme. DNA and RNA from the various samples were
visualized on an ethidium-stained agarose gel. As
shown in Figure 5, banded material of approximately
20 kbp was again present in the undigested aliquot
obtained from the lysate of frozen-thawed infected

Figure 4. Ethidium-stained agarose gel (top panel) and Southern
blot bybridization pattern (bottom panel) of DNA isolated from unin-
Sfected (lane 1) and infected (lane 2) MRHF cells and from the mate-
rial pelleted by ultracentrifugation of filtered supernatant from in-
Sfected cultures (lane 3). On the agarose gel, a faint band could be
seen in lane 3 at the region marked by the arrow. This band mi-
grated further into the gel than did genomic DNA in lanes 1 and 2
and bhad an estimated size of approximately 20 kbp. The probe used
was radiolabeled 1.5-kbp PCR product obtained using HTLV tax
primer SK44” on viral culture from patient DW.
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Figure 5. Ethidium-stained agarose gel of EcoRI-digested (lane 3)
and nondigested (lane 4) nucleic acids extracted from filtered, ultra-
centrifuged pelleted material derived from the lysate of frozen-thawed
virus-infected MRHF cells. EcoRI digests of total DNA extracted from
infected cells is present in lane 6. The size markers in lanes 1 and 8
are HindllI cut lambda phage and BstE-II cut lambda phage, respec-
tively. Lanes 2, 5, and 7 were blank.

cells. The banded material was identified as dsDNA
by restriction enzyme cutting. EcoRl digestion
yielded several distinct bands as well as multiple, less
well defined bands. Distinct bands could not be seen
in the EcoRl digests of total DNA extracted from in-
fected cells. Material migrating as cellular RNA could
be seen in the lower regions of the gel.

The 1.5-kbp band generated from viral-infected
cultures using the HTLV primers was cloned into
pBluescript. Sequencing, as well as restriction en-
zyme analysis, indicated that there were two different
PCR products. The PCR product cloned into plasmid
15-5-2 contained 1484 bases, whereas the product
cloned into plasmids 15-5-4 contained 1539 bases
(GenBank accession numbers U09213 and U09212,
respectively). Computer-assisted analysis showed no
apparent homology between the sequence in plas-
mid 15-5-2 with any viral or nonviral sequence con-
tained in the GenBank data base. Analysis of the se-
quence of plasmid 15-5-4, however, showed highly
significant (P < 10~'2 by BlastN) partial homology
with the AD169 strain of CMV (GenBank accession
number X17403). FastA analysis revealed a 58%
identity over a 1201-bp overlap (Table 1). The over-
lapping regions identified by the FastA analysis ex-
tended from nucleotides 140to 1,311 of the insertand
nucleotides 44,705 to 45,891 of the CMV genome.
This region of the CMV genome is contained within the
transcripts of both the UL33 and UL34 genes and is
part of the amino acid coding sequence of the UL34

protein, which extends from nucleotide 44,790 to
46,011.13.74 The first 2563 amino acids of the UL34
protein showed a highly significant 66% identity with
a similar sized region in the predicted 285 amino acid
sequence of an open reading frame (ORF) within the
amplified PCR product (Table 2).

The inserts in plasmids 15-5-2 and 15-5-4 were ex-
cised and used as probes in Southern blots against
EcoRl- and Hindlll-digested DNA from infected and
uninfected cells. Single hybridization bands were
seen on DNA from infected cells with no hybridization
with DNA from uninfected cells. The insert in plasmid
15-5-2 reacted with an EcoRI fragment estimated to
be 8.5 kbp and with a Hindlll fragment of 1.9 to 2.0
kbp. The insert in plasmid 15-5-4 reacted with an
EcoRlI fragment and a Hindlll fragment estimated to
be approximately 2.2 to 2.3 kbp (Figure 6).

The sequences in plasmids 15-5-2 and 15-5-4
were used to design four sets of virus reactive primers
and detecting probes for use in high stringency PCR
assays on the patient'’s cultures and blood. Figure 7
shows the positive results of Southern blot hybridiza-
tion of PCR products generated on stored aliquots
of eight separate cultures collected over a 2-year
period. Figure 8 shows that a similar product was
obtained by PCR testing of DNA extracted from the
patient’s blood.

Banded DNA extracted from the material pelleted
by ultracentrifugation of culture supernatant was ex-
cised from the agarose gel. The DNA gave strong
positive PCR assays using the primers based on the
sequences of both plasmids 15-5-2 and 15-5-4 (data
not shown). The extracted DNA was digested with
EcoRl and ligated into pBluescript. After transfecting
into bacteria, recombinant clones were screened with
labeled inserts from plasmids 15-5-2 and 15-5-4. The
15-5-2 did not react with-any of the currently available
clones. The 15-5-4 insert reacted with a 2.2-kbp plas-
mid (3B44). The inserts in plasmid 3B44 hybridized
as a single band of corresponding size in Southern
blot analysis using EcoRI-digested DNA from in-
fected cells (data not shown). No hybridization oc-
curred with DNA from uninfected cells.

The terminal sequences of the insert in plasmid
3B44 were obtained. As expected, one end of the
insert began at the EcoRl site at nucleotide 148 of
plasmid 15-5-4 and showed identity with this plasmid
over the 205 bases on which sequence data were
obtained. The other end of plasmid 3B44 was outside
the region covered by plasmid 15-5-4. A PCR product
was obtained using primers based on this sequence
and on the sequence from nucleotides 1465 to 1484
of plasmid 15-5-4. This product was cloned into plas-



Table 1. Sequence Homology with CMV

FastA
1
44569
101
44669
200
44769
294
44868
391
44968
491
45068
589
45166
689
45266
789
45366
889
45466
989
45566
1089
45666
1179
45766
1272
45866
1372
45964
1472

46064

alignment to CMV of the sequence derived from clone 15-5-4

GAGCTGACAACGCGTCCATCGGCCAGATACATAAGTTTACACTCACTGGTACTTGTCACTCACTTGATCACTTTGCTGCGGACGTGACGGCCAATCGTTT
GCGCCCCGGCTTCATTATAACGCCACGTCGGAGCCCCTGCGCGCCACAACGCCGTCCGGCGCAACTTCTGTCTCGGCACGGTACGATAAAAACAACGTCC
CGGGCAGGAGTGGCCAAACGGCATTATAACGAAACGCCGACCGGGGCCACACGCCAC-TTGGAAACGCCGCCGTTAGTCCTTTTTTCAACGGTACGATAT

| LI
CCCGTCGACGTTGTTTTCTCCGAGCGGTGATCGTTCCCGTCCCTCTCCTCCCTCCGCGGCCCCCACGGCGGCGGCCTGCTCGCACGGACCTATACTATTA

CCG--CAATCCCCAT—GAC——TATGAACA TAATTATAACCACCCGCGAATTCTCCAATGACGAATCCGTCACAGAGAG-CACGGAACCGCAAGACAACGT

[ O O T S N 1 o o o A o o A o o N AR O

CCGCCCCACCGCCGTCGTCGTCATGAACTTCATCATCACCACCCGAGACTTCTCCAACGACGATTCAGTC-CTGCGAGCCGCCGAGATGCGTGACAACG

TGCCAATAACCTTTCTAAAGCTTACCGAGGTACGATTCGCGCGuAAGGTAA AAGAAACTGCTTATTCGCAACCTG--CCTGCC~ACTTTCGGCTGCACT

PELE LT L L] LT |Ill| IIIIIIII BNy PLL LI L LT

GGCAGGCTCGATTTCCAAAGCGTACAAGGGCACGGTACGCGCCGAA AAGAAGAAGCTGCTGCTGAAGCACTTGCCCGTGCCGCCCGGCGGCTGCTCG

GCCGCAACAGTAATTTATTTATATTTTATAACGACCGGGACTATCGAAAGTTCCATCAAGGCATCATACAGTTAAAACGAACTCGCACGCGAGTTGATT
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CGCCGCAACAGCAACCTCTTCGTT?TCTGCACCGAGCGCGACTACCGCAAGTTCCACCAGGGCATCGCACAGCTCAAGCGCGCGCCGGCCGAACTGGACC

CATCAGAGATCGTGAACGTTACAAAAAATATAAAGTGTCGACTGCAACCGCACACT-CAAGACCCGCCGCTAGCCGGCGGGC-AGATCCAAACCACCATC

iy | 111 TS A 1 1 O O o |

|
éCCACGAGATCCAGCAAGTCACGGCCAGTAAuLbleLLbLleLAGCC CAGTCTCCGCGAGCCGCC-CACGCCGGCCGACGAGCTGCAGACGGCTGTG

TCGCACGTCTGCACTCTGTTCAATCACCTCGTGTTCACGGCTCAGCTCCGTCATTATTGCGAACATCACGAACAAGTTGTCTTGTACGCAAGGGACGAGC

L L] lI \IIII IIIIIIII IIIIIIII LLLLE L DL L EE L) 111l 1111 1111

TCGCGCGTGTGCG CAGCTGCGCCACTACTGCGAGCACCAGGACAAGGTGGTGAGCTACGCGCGCGACGAGC

TCACCAAACGTTGCGGAGACAAGTCGGCGCTCGGGACTCACATCCACCGACTCATTCCGCTCTTGGATCACGACAACCATCGCGAACTGTGCAATGTGCT
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CTAAACGCTGCGGC GAAAAATCGGCGCTGGGCGTGGAAGTGCATCAACTGGTAGCCCTGCTGCCACACGAGCGCCACCGCGAACTGTGCCACGTCCT

GGTCGGCCTGCTACACCAAACACCCCACATCTGGGCCCGTTCCATCCGTCTTATCGGCCGATTAAGAAACTATCTACAACAGAAGTTTCTCAATATCTTG

CATCG GCTTGTTGCACCAGACGCCGCACATGTGGGCGCGCTCCATCCGTCTCATCGGACA CTGCGCCACTACCTGCAGAACAGCTTCCTACACCTGTTG

GTGGATAGCGGACTCCAGATCGATAGTCTTTTTGAGGCTTGTTACCACAGCGAACGGTACCGCTTGCTGTTCCAGATCGAAAAAACGAACTCCACGCCTA

ATGAACTCAGGTTTGGATATCGCACAAGTTTTCGACGGCTGTTACCACAGCGAGGCCTACCGCATGCTCTTCCAGATCGGTCATACGGACTCGGTGTCGG

GéTCTCTAGCCTGTGCAAGCACCGTTTTACCTGTCGGTGAAAACGAAACTGAAGGCACACCTGTCCCGCCGTGTATTTAATGAAATAATAAAATGGTTCT
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|
CGGCCCTGGAACTCTCACACGGCG=~-~CGGCGGCCGGGCCGCCCGAGGCCG-ATGAAAACAACGACGAGGGAGAGGAGGACG-~ACGACGAGCTCCGTCA

CATGAATAAGACGGTCTTAGTTTCGTTTTTGAA--AGGACAAGTATGAGTGTCCCCCCACAC-ATCCCCGCCT~~~TGGCCGTGGACTCGAG--~~CCTG
CAGCGACCCGGCGCCGCTTCACGAGTCCAAGAAGCCCCGéAACGCCCGTCé%éLééGéLéALGCGTGééééA£CACGAééAAAAGCCCGAAGAAAACGAé
AACTTTCGTGCGCACCTGTTT-~--TCTG-ACCACAACCGACACTTTCTAGTCGATTTAGTAACCCAAAGCTGCAGCGGCTATGTGGGACTG--TGTAAC
shocarcaniablhctitboccrothombockidboncthbont-dh-cochatcbbrocarthothnblabohct-deakbsdesocohhd
GCCGGACTTCCCATGGCCACCTATGTACTGGAAACGCTAATTGACTTTCAGGTTCCAACCACATACACGAAAATTAAGCCCATTGCCGTAAAAGTGCTAA
GCTGCGACACGC-TAGCGACCGCCC%GC-GGCATCGCGCCGACGAAGAAGACGGACCTCTAGCCAGCCAGACCGCTGTGCGGGTCGCCGCGACCCCCTCA
AAATCTGTATTCTGGCTAACTACCTAAAAAACAGTAAAGAATTATGGATTGATTTCAAAGCTAACCTAGACGAGATTAATTCTGGTGCAAATAAGCAAAG
CCTTCAGTCACCCCAGCCCTTACCCCCGTCACGTCCCCCATAACCCCGTTGTGTATTTAACGTCACTGGAGAACAATAAAGCGTTGATTTCTCAAGTTCC
ACTGTACAGAGGCTTTTACAAACTATGTCGTGATAAAAACTCGATGCACGCGTTGTCAGCTCATC-3

GCTCTGGTTTTGGTTTCGTTTTCAAAGGGAGCCCCATCATGGCCCAAGGATCGCGAGCCCCATCG-3
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derived alignment to CMV of the continuation sequence derived from clones M900 and 3B44
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AAGTCTCCGATCTACTCCCCTCTGAAAATCTCCAACCAATGTACGAATCTCTCACTAACTACAACCTTCTCTACATTCCCCCACCCTTTACAGACCCTAG
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AGGCGGTGGATCTGTGCGCCGAGAACCTGTCCGACGTAACACAACGTCGTAACCGACCGTTGCGCTGCCTCACCTCCATCAAACGCCCGGGCTCACGCAC

CCT-AACCACGTAGTTAACGATGTGCTTTTTTTACTATCGGCCAGACACTTACAGTTCCGACAGCAACTGGAATTAGAAATACTGGCAAACTGGATA!

TACTT
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CCTGGAGGACGCGCTAAACGACATGTATCTGTTGTTGACGCTGCGACACTTGCAGCTGCGACACGCGCTGGAGCTACAAATGATGCAGGACTGGGTGGTG

AGTAAATGTAACTACCTATGCGAAGACCTGTATTTTGCCTACACACAGGTCCCGGA-ATGTCGGAGTACGTTTATTAATTACGTTAGCGGTTTACAAGCC

GAACGCTGCAACCGGCTTTGCGACGCGCTTTACTTTTGTTACACGCAAGCCCCCGAGACGCGGCAG-ACTTTCGTCACGCTGGTGCGTGGGCTGGAACTT

ATACGTAAAGTAAAAGAGCCC-GTTTTCCGTCCCATACTCCACAACCTGT-GCACCCTTCTAAGAACATTCCACGACGCCAACGTTTACATGTGCCCTCA
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GCGCGGCAA-CACAGCAGTCCGGCCTTCCAGCCGATGCTGTACAATCTGTTGCAGCTACTGACGCA-ACTGCACGAGGCCAACGTGTACCTCTGCCCGGG

ACATTTACACACGGCCATCTTTTTGTTGATGCAAAGAATATCCAA--GGTCGCAGAAGGTGACTCGTCAGATTCG-GACCCTGAAAATCAAGGAGCCACA

ATATTTACATTTCAGCGCGTACAAGCTGCTG-AAA-AAGATCCAATCGGTCTCGGA - ~CG-CCCGCGAGCGCGGCGAGTTCGGGGA-CGAGGA-CGA-A
CAAAATAGAGACACTCTCTTGAGACGCTTTCACGAAGGGGAACATATCGACCTAGAAGCCGATCCTACTAC-CGCCCCTTCACAGAACTTTTATTT
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GAGCA-GGAGA-ACGACGGCGAGCCG————CGCGA --GGCCCAGCTCGATCTCGAAGCCGATCCCACGGCGCGCCCCTTCA

AAGAACCT-TACGGTAACGGAGATTTGTTTTGCCTCCCGGAGAAACCTAGCC--~AGTTTCTTAGACGCAAAGT-GTGGATTACCCAAGAGAACCCTCTG
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AAGAACCTGTACGGCAACGGTGAGGTTTTCCGCGTGCCAGAACAGCCCAGCCGCTACCTGCGCCGACGTATGTTCGTGGAACGGCC-CGA-ARCC-~CT!
CAGTCTTTGCTTATCGAATTC=3 '

GA-TCTTTTAT----AACTTC-3"'

Demonstration of the FastA identified regions of nucleotide sequence homology between the clones derived from the patient's virus and
CMV. Identical nucleotides within the homologous regions are indicated by the vertical lines. The nucleotide number is shown at the begin-
ning of each row. The HTLV SK44" primer is present at both ends of the sequence of clone 15-5-4 and is underlined. The sequence shown
and 3B44 begins with the actual primer binding site corresponding to the 3’ end of plasmid 15-5-4. This region is comple-

for clones M00

mentary for 10 of 21 of the primer nucleotides, including the 5 nucleotides at the 3’ end of the primer.
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Table 2. Alignment of the Amino Acid Sequence Coded by a Predicted ORF in the Insert in Plasmid 15-5-4 with the Amino

Acid Sequence of the UL34 Gene of CMV

UL34 - IITTR HFSNDHS NVAG SISKA RAEGKKKLILIL 48
15-5-4 IITTR EFSN STEPJDNVAN NI{SKA RAEGKKKLL 50
UL34 pdGC HRRNSNLFMF L THRDYRKFH QGIHOLKRAP AEIDPHEIRO 98
15-5-4 -ATHGC [MRRNSNLF{F ORDYRKFH QGIMQLKRIR TR I 99
UL34 E JIRCRLQ PSLREPPI'PA DE v i‘P‘LFNQLVFT AQLRHYCEHR 148
15-5-4 W! JCRLQ PHTQOPPLAG GQ 'V QULFNQLVFT AQLRHYCEHH 149
UL34 D 'YARDE LTKRCGEKSA L A LIHHERHREL O GLLHQ 198
15-5-4 E YARDE LTKRCGHKSA L A LIPHPNHREL O GLLHQ 199
UL34 TPHMWARSIR LI LQ I S GIHIRQVFG CYHS 248
15-5-4 TPHMWARSIR LIGRLRNYLQ D S GLJIpSIFEG CYHSH 249
UL34 FQT §|vs AALELSHGAA AGPPEADENN DEGEEDDDEL RHS E 298
15-5-4 FQIENT & F - - 262
UL34 SKKPRNARRP RTRVPPHEQK PEENEEEEEE LFP VSN 348
15-5-4  mmmmmememm eeemeeeoe aoe-oo-- - - P - - - 270
- UL34 DDGNGGERCD TLATALRHRA OEEOGPLASQ TAVRVAATPS PSVTPALTPV 398
15-5-4 e -YGH - - --mme----- NBrHGH - --- ---------- smmeeea--- 278
UL34 rdekdekfcT 407
15-5-4 -TEVEH CI 285

The boxed areas show identity between the two sequences.

mid M900 and fully sequenced with second strand
verification. This has provided a composite sequence
of 2410 bases extending from the 5’ end of plasmid
15-5-4 to the 3’ end of plasmid 3B44 (Table 1). Se-
quence alignment analysis indicated that the se-
quence extending beyond that of plasmid 15-5-4 has
52% nucleotide identity with CMV within the coding
region of the UL35 gene. No ORF corresponding to
the UL35 gene could, however, be identified. Further-
more, the homologous CMV region was not contigu-
ous with the region of CMV homology identified from
the sequence within plasmid 15-5-4 but required that
a gap be placed within the CMV genome of 496
bases.

Discussion

This paper provides initial molecular characterization
of an atypical cytopathic virus that has been repeat-
edly cultured from the blood of a patient diagnosed
as having CFS. The virus induces a CPE in cells from
multiple species. Although detailed description of the
CPE will be provided elsewhere, it can best be sum-
marized by the appearance of foamy cell syncytia. On
electron microscopy, enveloped viral particles were
seen that were consistent with a herpesvirus, most
notably human CMV. Immunological and PCR-based
assays for CMV detection were, however, negative.
PCR products were generated from infected cultures
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Figure 6. Southern blot bybridization of EcoRI{E) and HindIlI{ H)
digested DNA extracted from virus-infected (I) and uninfected (U)
MRC-5 cells, or of enzyme-digested lambda DNA used as size markers
(M). The probes were 32P-labeled inserts obtained from plasmids 15-
5-2 and 15-5-4. The insert was excised from plasmid 15-5-2 using
EcoRI and HindllI. These enzymes cut slightly outside the ECORV clon-
ing site at the flanking ends of the insert. The insert in plasmid 15-
5-4 was excised using HindIIl, which cut within the plasmid at nucle-
otide 314 and within the distal pBluescript multiple cloning site.

Figure 7. Southern blot hybridization of PCR products generated
from nonpurified DNA extracted from eight positive viral cultures in-
dependently obtained from patient DW over a 2-year period (lanes 1
to 8 in upper row). DNA from uninfected MRC-5, MRHF, and RbMK
cultures and from various additional virus controls are shown in po-
sitions 9 and 10 in the upper row and 1 to 10 in the lower row. The
primers and detecting probe used were based on the sequence of the
insert in plasmid 15-5-4 (set 3 as described in the section on PCR
primers in Materials and Methods). The hybridizing product was seen
as a single band on agarose gel electrophoresis in the expected size
range of 500 to 600 bp. Similar results were obtained using primers
based on the sequences of plasmid 15-5-2. Positive PCR assays were
also obtained in viral cultures repeatedly passaged in mouse and cat
cell lines.

using HTLV reactive primers in low stringency PCR
assays. Although these products resulted from cross-
priming (rather than from the presence of HTLV-
specific sequences), they provided infected-cell-
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Figure 8. Agarose gel electrophoresis of ethidium-stained PCR prod-
ucts obtained on purified DNA derived from the blood of the patient
(P) collected in March 1993 (lane 5). Identically processed samples
Sfrom two normal individuals (N) gave negative results (lanes 3 and
4). PCR-derived samples containing DNA from viral-infected (X, posi-
tive control) and uninfected (C, negative control) cultures are shown
in lanes 2 and 6, respectively. Lane 1 was blank (B), lane 7 was the
PCR reagent (R) control, and lane 8 contained size markers (S).

specific probes and material on which sequencing
could be performed.

The banding pattern in agarose and the suscep-
tibility to EcoRI enzyme digestion indicated that the
pelleted material derived from infected cells con-
tained dsDNA with one or more segments of approxi-
mately 20 kbp. Hybridization studies showed that the
PCR products and an EcoRI fragment reacted with
DNA from infected but not from uninfected cells. Se-
quencing studies on the 15-5-4 and M900 PCR prod-
ucts and the 3B44 EcoRl cloned fragment indicated
that the genetic material contained regions of highly
significant, partial homology to the UL34 and UL35
genes of CMV. The function of the UL34 gene is un-
known and a corresponding gene has not been iden-
tified in other human herpesviruses.'® The finding of
partial homology at both the nucleotide and amino
acid levels with the UL34 gene is, therefore, consis-
tent with a CMV origin of at least part of the genetic
material isolated from the infected cultures. The cul-
tured virus is distinguishable from CMV, however, by
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the following criteria: growth in cells from multiple
species; the vacuolated, syncytial nature of the CPE;
the lack of specific staining with CMV typing sera; the
negative PCR results using CMV-specific primers; un-
relatedness of the sequence of the PCR product 15-
5-2 to that of CMV, and the apparent difference in the
size of the genome.

Even within the CMV homologous regions of plas-
mids 15-5-4 and M900, the extent of sequence di-
vergence from the AD169 prototype strain of CMV
(GenBank accession number X17403) is far greater
than the estimated 5% divergence observed between
clinical CMV isolates.'® This suggests that if derived
from human CMV, this region of the viral genome has
undergone multiple mutations. Preliminary partial se-
quencing of additional clones has strengthened this
assessment with several clones showing a distant re-
latedness to various limited regions of the CMV ge-
nome. A clearer understanding of the structure of the
virus should be forthcoming as these clones are fully
sequenced and aligned.

Repeated culturing of the virus from the patient’s
blood over a 3-year period indicates that the virus has
established a clinically persistent infection in the pa-
tient. Isolation of the virus from CSF and the absence
of an accompanying inflammatory response suggest
that the virus is neurotropic and yet noninflammatory.
In addition to promoting viral growth by transactivat-
ing early viral genes, the proteins coded by the I-E
genes of CMV are thought to provide important an-
tigens for cellular immune reactions.'®'7 The major
I-E gene of CMV was not detectable using either PCR
or monoclonal antibody assays. It is conceivable,
therefore, that the virus has arisen from CMV but that
portions of its genetic machinery have been deleted
or mutated as a mechanism of avoiding immune rec-
ognition. The absence of certain genes may also re-
duce susceptibility to cellular factors that restrict the
interspecies growth of human CMV in animal cell
lines. This could explain the broad in vitro host range
of the virus.

Ongoing studies indicate that atypical viruses can
be isolated from patients with a variety of neurologi-
cal, psychiatric, and autoimmune diseases, as well as
some asymptomatic individuals. The viruses are cy-
topathic for fibroblasts and other cell types of multiple
species and do not give typical reactions in immu-
nological and molecular probe assays for known hu-
man herpesviruses. Because of the absence of overt
clinical signs of an inflammatory reaction in many of
these patients, we have tentatively termed these
agents stealth viruses. Of several isolates, one cross-
reacts strongly with the PCR products generated
against the virus described in this paper. This isolate

came from an otherwise normal CSF sample of a pa-
tient with severe encephalopathy complicating a
4-year history of a manic depressive illness. Several
other viral isolates have yielded atypical PCR prod-
ucts using HTLV- and CMV-related primers in low
stringency PCR assays. Partial sequencing of these
products have shown no relatedness to the amplified
products described in this paper. These findings sug-
gest considerable molecular heterogeneity between
isolates, despite an overall similarity in the cytopathic
changes induced in fibroblast cultures. The potential
role of stealth viruses in CFS and other illnesses is
currently being investigated in an animal model.
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